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It. A. Hakkila and R. Q. (Wtmacher
Los Alaaoa National Laboratory
LQS Ahma, New ~XiCO 87544

R. Veh, Dsutache Oasollschaft
fuer Wiedaraufarbaitung von Karnbrennstoffen till

Hannover, Federal Rebublic of Oar-ny

Th@ sacond technical wxkshop on near-real-
time ●ccounting in an industrial scalo reprocess-
ing plant was bald frm Oacaabar 7-9, 1987 in -
Al-. The workshop was organized within the
context of the US/OOE-FRG/MFT ●groamsnt in the
field of int.rnatkmal safeguards. The workshop
tms initiated by tho LOS Alm National Labora-
tory and the DWK, td!lch has responsibility For
construction and oparaticm of ● planned industrial
seal. rcprocessir.g plant In tha FRo.

‘TIM workshop objactive was to raviaw curr~nt
state-of-tha-art in naar-real-tims ●ccounting and
to aovohp ● c~ understanding awng ●xperts
frca tha participating countries to idantify prob-
Lms raquirhg ●ddlticmal work.

~Ia

The topic of n~ar-real-tlma ●ccounting WTA)
for large-scaia reprocessing plants has bean under
discussion within the international aafoquards
c~ity for ●t laaat tan yaara. within the last
few y@ars tho ●tudiaa havo ●volvad frm thaorati-
cal dasigns to ●ctual testing of the concapt under
plant Op@rating conditional The first wrkshop
bald in Hannovor in May 1906 r.sultad in descrip-
tions of plant ●xporlnnta conducted in tha -
●t Karlsruho, in tha UX ●t Dounreay, and in JMpan
●t Tokai. All of thosa .xpariaants daaonstrated
th~ gonoral ●pplicability of NRTA and ●loo idon-
tifiad •r~as rsquirinq furthar technical davohrp-
mant. m. rasults indicated that lmplsmantation
of NR’fA tm~ld bs hiqhly facility SpOCifiC.

TIM saccmd workshop was hold to review new
wxk in tha gonoral ●raa of URTA that hat bson
pwfornd since th~ firot tmrkshop.

nwLT9wlla~

Thowrkdtopwas hold frm Dacadw 7-9, 19.7,
●t the M AhMS National Laboratory. mar fifty
axperts frw fiva difforont countriaa and tut
satoquards insp6ctoratas waro id ●ttandutca. Th@
tmrkshop participants Lwluded plan? d~oiwrs,

instrmant d~signers, systems englnaars, statis-
ticians, and represantatives from both IASA and
Suratoa with expartism in both systems studies
●nd inspections.

The workshop wss organized to cuver five
topics . Tha first sassion ravhwsd the status of
●xperiments damnstrating NRTA and prccess mni-
toring; tha second session discuxsad umrk in cali-
bration of aquipnnt required for NRTA: tha third
session roviewad work in process simulation; the
fourth session covarsd the gm~ral ●rea of data
troatmant and statistics; and tha fifth session
revid work in tha ●rea of varificatioft. The
results of ●ach aassion ●rc briefly reviewed.

Exparinnts

Tarry Jonos of Dounreay reviewed racent ●xper-
imnts in NRTA that wera perforaad during ● cem-
paign between Septaabar 1905 ●nd February 1986.1
The cupaiqn involved the reprocessing of 32 fast
reactor fuel subass-lies containing 350 kg of
plutonilm. ‘t% oxpariaants daaonstratad that NRTA
providas an ●arly warning of trends in material
loss ac gain that can be ●valuated ~iateiy.
ma tachniqua is used routinely ●t Oounreay to
mnitor process operations ●s wall ●s for safO-
quarda purposes.

II} the ●xperiments ●t Oounreay tha inventory
of treks is measured, dtaroas plutoniw in solvent
●xtraction contractors is not aaasurad but rather
is inferrsd from plant construction ●d plant
oparathig parrnters. Murica Dalanqe of CoOllMA
reviawsd tho cmulativa flux tachn~que that is
used ●t La Hague to ●ccount for plutonim. MO
●ttmt ia mada to aaasura natarial within the
process; rather valuas for process inventory ●re
●ssimd based on procass operating par~ters. z
mresholds ●re ●rbitrarily set that ●re used to
determine *on process uncertainties are rtot ac-
ceptable, ●t *ich tires ● partial cieanout is
affected to brinq uncertainties back within ●c-
ceptabie limits. Puture plans call for a statis-
tical ●pproach to ●stablishing thradtolds. Por ●

typical cvivt tho in-procoss msterial say be
batwean 150 and 200 kq with ●pproximately 100 kq



within the reprocessing porticm and the rest in
the oxide conversion process. Although CUISUIF-
tive flux (also knom as running bcok inVentOr I
is used for accounting in the Eacillty for the
French National system, some questions were raised
whether the technique 1s sufficiently timely or
sensitive for international safeguards aPPlica-
t ions.

T. Nakai of PNC reviewed recent work on NRTA
at Tolrai for a campaign in 1986. Ihe bias of
CUIWF relative to throughput was approximately 1>.
The conclusions 0: the study were (1) an abrupt
loss of 3-1/2 kg of plutoni~ wmuld be detected,
(2) protracted losses cannot be distinguished fr-
E1OW measurement bias, and (3) further study on

measurement biases 1s needed.

Joachim Lausch of W smrized work ●t tha
Karl?ruhe Reprocessing Plant. Otliy those measure-
ments required for procoss operations ●re used
for NRTA. Recent davelopaents ham concentrated
on lmprovlng data bases. Three ~uters are
available: a process control coaputar, laboratory
aut~tion c~uter, and an ●ll-purposo coaputer
that has informaticm on in-procass lnVOntOrY ●nd
statistical analyses. A second ●rea of develop-
ment involves studios to isprove plutoni- inven-
tory determination without disturbing the plant
operator. A third ●rea of study involvos deter-
minaticm of in-process inventory through statis-
tical techniques.

Frank h~lford of the uKA8A ●xpressed his
thoughts on ~pplications of URTA. Ha noted that
a lot of work has been date on statistics, and
many statistical tests have been developed. HS
suggests that it is tti to stop development of
tests and concentrate on ldantifying on. or t-
tests that can be ●pplied universally. Outstand-
ing lSSUOS include (1) determining tho quantity
of source data required, (2) determining the ex-
t.nt to which those data have to be hdopendently
verified, (3) ●stablishing operational and polltl-
cal feasibility of ●cquiring ●nd independently
verifying the necessary data and only thsn (4) XC-
quiring statistical tests and decision rules for
drawing conclusions fra the data. Ho believed
that it should be possibla at ●ach facility to
d.tormlna, on tko basis of corrolationa, ● ~iniam
necessary ●nd sufficient data sat that would naad
to be ,erified. He ●lso ●xpressed the view that
this data set need not be large becauso of the
correlations ●nd process con$tralnts.

James Lovett of the IAEA reviewed Wrk on
process monitoring that they had funded. He has
concluded that process -itoring has problems
for verification ●nd international safeguards ●nd
does not saa ●ny significant role for process
monitoring within lntornational safeguards. Tha
rArA will no longor support proc~ss sonitorlng ●s
● Possiblt safeguards technique. M. ~ingsr re-
vlewad procoss monitoring ●xparlBents that have
been conductod recently ●t OML. In ganoral dls-
cuosion, the ●ttondeoa Qxpreosed the opinion that
procau monitoring ac wch cannot be corteidored

as an international safeguards tool, although it
will be important for both plant operation and
domestic safeguards.

calibration of Equlpoent

The session on calibration of equipment indi-
cated that much mrk has been done and is being
done on calibration of the input accountability
tank and calibration of tanks in general: however,
not much work appears to be done on calibration
of NDA methods. l’his is an area for possibly more
emphasis in the future.

1!. Aparo described collaborative work between
Casaccla, the IAEA, and the U.S. in volume cali-
bration. A RUSKA electraanometer is being ccm-
parad to other vol- measurement equipment and
techniques. The effect of the shape of dip tube
ends was repot:ed.3

Accountancy tank calibration work also was
reported by J. Lausch ●t WAK ●nd T. Nakai at
Tokai.

Pr~ Simulation

Tha session on procoss simulation indicated
that simulation will play an iaportant part in
Undetistanding how ● reprocessing facility operates
●s well ●s for designing processes ●nd safeguards
system .

M, Canty reviewed the slnulation of ● triple
tank system in the wackersdorf reprocessing
plant.d The use of triple tanks (receipt, sam-
ple, feed) for ●ach purification cycle is unique
to Wackersdorf. Mcause mly the ●iddle tank in
●ach bank can be s-led, tho simulation was de-
signed to study possible ●rrors that could be
introduced into the process invent~ry contribution
to mJP. The study showed that ●rrors in holdup
determinations httroduced by concentration fluc-
tuations during normal plant operations ●re mall
●nd probably negligible.

H. Aparo and cworkers in Italy ●re modeling
t ha nuc 1●ar mater ial Klam and measurements
through the SURRK pilot reprocessing plant.5
Plent throughput end inventory ●re amallar than

for other reprocessing plants that have been
studied. me mrk reported was preliminary in
nature, Additional work will dotermlne tha son
sitivity of MRTA In detecting ● dlverslon.

Three prasentstiom ●ddressed the relationship
of solvent Extraction contactor inventory to de
tection smsltivity. A. Beyorlein of Clemson has

conthtad nit ●xcollont wrk in de! Iopment of
tochniquas for ●stimation M plutonim inventory.

Ho has ●Xtend.d thi work to !ncludc pulsed columns
●s wall ●s ~ixw-settlers ●nd has developed ●qua
t iwts for non-steady-stat. operation,6 Lrm
Alrn tmrkors ●re studying tha ccmtribution of
~c~rta~ntles ~ft ~lvont ●xtraction contactor in

vontory relative to lmcertaintios in throughput



and othor inventories to bound the IASA independ-
ent verification probhm.7 J. U. Barnes of Los
Alasoe also reviaued methods for measuring or es-
tlfsating contactor inventory.

oata ?roatmertt, Statistics, and other -19

Rainer Beed9en (Kflt) presented results of
recent ●pplication of the computer progr~ PROBA
to data fr~ reprocessing campaigns ●t wM. The
required input to the progr~ Includas tl!e desired
false ●larm probability for the n-r of belacce
periods, tho maasuxaant modol of the facility,
and ● saquen :e of materials balance results.
PROSA nmi incorporates four statistical tests:
CLRUM, Pago’s, power one, end WF.8 He con-
cluded that the NRYA test procedures ●re useful
for detecting ●nomalios in currently ●vailable
plant data.

Serry Jones described the progress ●t BNFL on
●pplying Page’s test to the SIIWF seqwnce. At
present, he uses ● joint test; that 1s, ● com-
puter progrm ●pplies two tests, in turn, ●t ●ach

parlod.9 For one test, the Page’s test perm-
●ters are chosen to give the best chances of de-
tecting ●brupt 10SS. For the other test, the
par~ters ●re chosen for best psrforaance ●gainst
protracted loss. Of course, statistical tests can
only detect an anmaly in sequential data. TIM
problaa raaeins to resolve that anaely.

H. )tlshlmura (~) SW plots ●nd ●larm
charts fra the statistical analysis of NRTA field
test data ●cquired ●t tho T&al-aura reprocessing
facillty. He wad ● full covalence matrix ●nd
favors the Kalsen filter test.

Group discussion focused on thethar systematic
●rrors should be included in the ~asur~nt aodel
because their inclusion mlmt lessen the sensitiv-
ity of the statistical tests, Sellinschegg (IA8A)
pointed out that paired ~riaons of data by
tho IA8A SM that systematic ●rrors ●re dainent.
If they are not considered, the n-r of false
●larss may increase unacceptably. Purthermre,
systmtic ●rrors cannot be ●s-mad to ramln con-
stant over ● year, or ●ven durUt9 ● c~ign.
Cruin Leltnor (M) doscribsd ● statistical enely-
sis of 2000 aeasuramnte, dosi~ to ●licit how
hx19 a 91ven systaaetic ●rror persists. m. par-
ticipants concluded that systematic ●rrors should
be found ●nd corrected, or preferably ●laminated
by the ●doption of unbiased maasureaent aethods.

M. K~to (JNPU) described tho JNPS Roproc-
●esing ●lant, m under construction, and shoued
the basic process flat sheet, ~ WTA Will be
applied in this facility is still under dlecus-
Sion. K, Ikaua (JAUI) prosanted dotallad infor-
mation on the cmputor systaa and operating pro-
c.dur.a for the ●nalysis of -A data ●t tho ‘r’okai
Roprocosslng Plant, ThO system features ● ~
data baso for tho IAM inspector, natioml inspac-
tor, and plant operator, ●s wail ●s ~ utili-
xathn of eoftusro.

Verificatiat

u. Wenzel of the IABA reviewed some
alternatives under consideration for verification
of operators’ declared safeguards data. These
include

. on-site verification
- using operator’s aqulpmant

using IASA-installed instruments
- in an IASA on-site laboratory

, off-site analysis.

Cmsideration of the usa of operator’s squip-
mnt has bean dropped for now. The IAKA on-site
laboratory is consldarad too costly ●nd 1s cot
- under consideration, The usa of installed
instrusants on-eita 1s preferred both for cost
●nd timllnass, ●lthough pracisia MY be sacri-
ficed . The ultimate choice of techniques will be
meda on tha basis of ●ccuracy, ●uthenticity of
data, independence, and tinlinass.

F. Frermsen and u. Wanzel of the IAKA dis-
cusasd on-site verification presently practiced
●t facilities. An IARA-outad ●lactr~ tar 1s
calibrated by the Agency and oparatwJ by the

facility. A K-ad- denslt~tar 1s @nted ●nd
Operatti by the facility with some IA8A partici-
pation in calibration. Seth syst~ ●re conald-
●red to provide acceptable verification of opara-
tor’e data.

R. Haas of Buratos discussed ● mdular moni-
torln9 system ●pplicable to NRTA field data. A
first ●pplication is to aonitor plutoni~ nitrata
in product storage tanks. The tachnlqua is based
on technology originally devalopad for monitoring
-S seals and h described in detail in Ref.
10.

R. Pbulkee ravieuad pians for verification of
-A data ●t the W facility. The system lm-
piias we of operator’s squi~nt ●nd data with
measurements sufflciantly transparent to ●now
verification without c~r~ising sansitiva tech-
nology ●nd without undw d~nds on oparetor’s
timo Data ●nalysis ●nd interpretation ●nd ●namaly
resolution ●re ~rtent requirments.11

Oeneral collusions fr~ the ses~iom on veri-
fication wre that ●lthough much uork has baen
dons since the Hamnover uorkshop, this is tha ●rea
probably requiring the soet ●ffort for lmplemanta
tion of MSTA in reprocessing plants for interna-
tional safeguards.
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